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(57)Abstract: 

PURPOSE: To make the measured value of 
resolution below the distance of picture elements of 
an image sensor to take a speckle image accurate by 
correcting the displacement degree using a correction 
table corresponding to the speckle average diameter. 



CONSTITUTION: Image signals of a CCD camera 1 
are converted into improved image signals by an 
image improving circuit 2 and sent to image 
processing units 31-34 in parallel. A control circuit 35 
makes parameters of the number of blocks to be 
traced, sizes, and positions be written in memories in | 
controlling parts 31b-34b and makes measurement 
be started. Also it makes the units 31-34 start in 

parallel. The units 31-34 then take in speckle images, which are images treated for image 
improvement, and carry out calculation for each block and write the results of finishing 
flags and displacement in specified address. The circuit 35 takes in the results of the 
displacement from the units 31-34 continuously and houses them as displacement 
distribution and strain distribution after removing the errors based on the speckle average 
diameter while using a correction table. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment for measuring the variation rate 
(movement magnitude) of the speckle image which appears when laser light is irradiated at a body, 
i.e., speckle image displacement measurement equipment. 
[0002] 

[Description of the Prior Art] When laser light is irradiated in a body split face, the punctate pattern 
called a speckle image to the space by the side of an echo appears. Since this speckle image moves 
by fixed relation in connection with an objective variation rate (variation rate), it can know the 
objective amount of displacement by non-contact by measuring the variation rate of a speckle image 
(for example, JP,61-27681,B). 

[0003] On the other hand, the approach using whenever [ with the image (image before migration) of 
criteria and a current image (image after migration) / coincidence ] as an assessment value is learned 
as displacement mensuration of an image. That is, it calculates 1 pixel of assessment values about 
whenever [ coincidence / of a cross-correlation function, the sum of squares of a difference, the 
absolute value sum of a difference, etc. ] at a time by shifting them about a current image, two 
images, i.e., the criteria image, caught with an image sensor like CCD series, and the approach of 
making the highest location of whenever [ coincidence ] the variation rate (movement magnitude) of 
an image is learned. And further, in order to raise resolution, used the assessment value of the 
highest location of whenever [ coincidence ], and the assessment value of the location of the 
circumference of it, parabola approximation etc. was made to recur, the location of the top-most 
vertices was presumed, and the resolution below the sampling period of a pixel is attained 
(interpolation). 
[0004] 

[Problem(s) to be Solved by the Invention] However, when it asked for the variation rate with the 
resolution below pixel spacing using such a interpolation numerical orientation method, the error 
resulting from a speckle image being a spot image arose, and sufficient accuracy of measurement 
was not necessarily able to be obtained. 
[0005] 

[Means for Solving the Problem] In view of such a problem, it succeeds in this invention. In the 
speckle image displacement measurement equipment measured below with the sampling period of 
the pixel of image sensors by making into an assessment value whenever [ image data / before 
moving the movement magnitude of the speckle image projected on image sensors / and image data's 
after migration coincidence ] It has two or more amendment tables which responded to the speckle 
pitch diameter, and a means to amend the measured variation rate using one amendment table chosen 
from said two or more amendment tables. Moreover, it is desirable to have the adjustment means of 
a speckle pitch diameter. 
[0006] 

[Function] If it asks for a variation rate with the resolution below pixel spacing using a interpolation 
numerical orientation method, a periodic error will arise between the amount of actual displacement, 
and the amount of displacement obtained by measurement. And it discovered that the magnitude of 
this error changed with speckle pitch diameters by research of artificers. Then, two or more 
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amendment tables according to a speckle pitch diameter are prepared, and if it asks for the speckle 
pitch diameter of the speckle image measured in advance of measurement, the amount of 
displacement measured on the amendment table corresponding to the speckle pitch diameter can be 
amended, and it can ask for a more exact variation rate. Moreover, if it has the control means of a 
speckle pitch diameter, since a speckle pitch diameter can be adjusted according to a desired 
amendment table, strict amendment can be performed and the amount of displacement after 
amendment will become much more exact. 
[0007] 

[Example] Drawing 1 is the block diagram showing the displacement measurement equipment of the 
speckle image which is one example of this invention. This equipment consists of image 
displacement calculation circuits 3 as CCD camera 1 and the image quality improvement circuit 2. 
Here, a screen size is [ 512x5 12 pixels and pixel size ] 1 1x1 1 micrometers, and the interlace of 25 
frames / sec is used for CCD camera 1 . The image displacement calculation circuit 3 consists of four 
image-processing units 31-34 and a control circuit 35 which performs predetermined data processing 
while controlling these. Each image-processing unit 31-34 is equipped with control-section 31b-34b 
which controls by being image memory (Video RAM) 31a-34a and its data write-in reading, 
respectively. 

[0008] Here, how the image displacement calculation circuit 3 presumes the variation rate 
(movement magnitude) of two images with the resolution below a pixel is explained using drawing 
2 . First, the block (here 3x3 pixels) of the magnitude of arbitration is set as the location of the 
arbitration of a speckle image. Next, as shown in (1) type, the absolute value of the block image D 
after displacement (x y) and the difference between each pixel is integrated on the basis of the larger 
(here 5x5 pixels) image R (x y) than the block before displacement. 
[0009] 
[Equation 1] 

[0010] And it shifts 1 pixel of locations at a time, and multiple-times activation of this addition 
processing is carried out. It is shown that shifted drawing 2 (a), (b), and (c) twice in the x directions, 
and they performed addition processing 3 times. And drawing 2 (d) shows the value of the addition 
result S (u, v) for every location. The minimum addition result S when the same as the sampling 
period which is a pixel about resolution, and enough (u, v) It can ask for the variation rate before and 
after migration of a speckle image (movement magnitude) from the obtained location (umin, vmin). 
Here, further, in order to obtain the resolution below the sampling period of a pixel, it asks for the 
parabola which passes the values S (umin-1 and vmin) and S (umin+1 and vmin) of the location 
which adjoins the minimum value S (umin and vmin), and the location of the top-most vertices is 
presumed below at spacing of a pixel. In addition, although addition processing is only carried out 
only about x directions, if parabola recursion is performed in quest of S (umin, vmin-1) and S (umin, 
vmin+1) also to the direction of y, the location of the direction of y can also be presumed with the 
resolution below spacing of a pixel here. 

[001 1] By the way, if it is going to obtain the resolution below pixel spacing using such a 
interpolation numerical orientation method, it is not in agreement with a actual variation rate that a 
speckle image is a spot pattern owing to. And it turned out that extent of the inequality is influenced 
by the magnitude of a speckle pitch diameter. Drawing 3 (a), (b), and (c) are as a result of [ which 
shows this situation ] measurement. In these drawings, an axis of abscissa shows an objective 
variation rate, and the axis of ordinate shows the variation rate of the speckle image measured using 
above-mentioned interpolation. As for this drawing (c), in this drawing (b), in the case of 14 
micrometers, drawing 3 (a) shows the case of 20 micrometers, when a speckle pitch diameter is 10 
micrometers. Although the variation rate of a speckle image must be essentially linear to migration 
(inside of a field variation rate) of a body, it turns out that it moves in a zigzag direction in any case. 
Moreover, it turns out that extent of meandering is so large that a speckle pitch diameter is small. 
Then, the image displacement calculation circuit 3 is equipped with a means to amend according to a 
speckle pitch diameter to the measurement result of the variation rate obtained by the interpolation 
mentioned above. That is, it has two or more amendment tables which responded to the speckle pitch 
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diameter, and an operation means to amend using one of the amendment tables to the variation rate 
obtained by interpolation. 

[0012] A speckle pitch diameter is determined by three elements of the wavelength of the f number 
(drawing) of CCD camera 1 , an image formation scale factor, and laser light when it has a lens 
image formation system (when using a camera lens). That is, if the f number of a CCD camera is set 
to F and wavelength of m and laser light is set to lambda for an image formation scale factor, a 
speckle pitch diameter can be expressed with lambda(l+m) F. The f number can use and detect an 
encoder on a camera lens. Since an image formation scale factor is decided by arrangement of 
optical system, it can mark and measure the location of each part article which constitutes optical 
system. Moreover, the wavelength of laser light can be known from a laser oscillator. On the other 
hand, the speckle pitch diameter when not using a camera lens will be given by 0.6L lambda/D, if 
wavelength of D and laser light is set to lambda for the diameter [ in / for the distance of a body 4 
and CCD camera 1 / L and the body exposure section ] of a laser beam. The diameter of a laser beam 
should just measure a laser beam, after branching by the half mirror. As the detection approach of 
others of a speckle pitch diameter, some profiles of a speckle image on the strength are taken and 
investigated, or the autocorrelation of a speckle image is taken, the correlation value profile is taken, 
and the approach which has investigated enough and is carried out can be considered. 
[0013] As for the image data given to the image displacement calculation circuit 3, it succeeds in the 
image quality improvement in the image quality improvement circuit 2. The shot noise at the time of 
CCD read-out and the noise in an analog line are mixed in the image data outputted from CCD 
camera 1. Therefore, in the image displacement calculation circuit 3, if it calculates using the image 
data outputted from CCD camera 1 as it is, since a noise will also be integrated, the dependability of 
the value of the addition result S (u, v) is low. Therefore, when the location of the top-most vertices 
of a recursion parabola is presumed below at spacing of a pixel using the result, the error based on a 
noise is dramatically large. The image quality improvement circuit 2 is a circuit for removing the 
shot noise at the time of CCD read-out, and the noise in an analog line from image data, and 
performs equalization (recursive call filter) processing of an image as shown by (2) formulas. 
[0014] 

Vn =Vn -1+ (Vin-Vn -1) / N - (2) 

here — Vn : An output image and Vn-1 : The output image of one frame ago, a Viminput image, and 
N: equalization arithmetic it is . By equalizing this image, reduction of random noise which was 
mentioned above from the image can be aimed at. 

[0015] Below, actuation by whole this example is explained. The laser light 5 from the helium-Ne 
laser (50m W) which carried out the graphic display abbreviation is collimated, and a body 4 is 
irradiated. CCD camera 1 catches the speckle image produced by the exposure of this laser light 5. 
The picture signal with which CCD camera 1 picturized and was obtained is changed into the 
improvement picture signal with which image quality improvement processing was performed in the 
image quality improvement circuit 2, and a parallel input is carried out to each image-processing unit 

31- 34. The image-processing unit 31 of the 1st sheet outputs Horizontal Synchronizing signal HD 
and Vertical Synchronizing signal VD to the image-processing unit 32-34 and CCD camera 1 as 
other slaves as a master. In each image-processing unit, control-section 31b-34b which consists of a 

32- bit CPU controls the address generation of image memory 31a-34a in hard, and performs 
selection of an external synchronization and an internal synchronization, and setting out of a 
horizontal and vertical blanking period. 

[0016] A control circuit 35 writes the parameter of the number of the blocks to pursue, size, and a 
location in the memory in control-section 31b-34b to each image-processing unit 31-34, makes 
measurement start, and carries out juxtaposition actuation of each image-processing unit 31-34. Each 
image-processing unit 31-34 captures the speckle image with which image improvement processing 
was performed, performs count of (1) type about each block, and writes the result of an ending flag 
and a variation rate in the specific address. A control circuit 35 is stored as displacement distribution 
and distortion distribution, after incorporating a displacement result continuously and removing the 
error based on a speckle pitch diameter from each image-processing unit 31-34 using an amendment 
table. Drawin g 4 (a) is a graph which shows the raw data of the variation rate obtained using 
interpolation, and this drawing (b) is a graph which shows the result amended using the amendment 
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table chosen according to the speckle pitch diameter at that time. In both graphs, an axis of abscissa 
shows objective movement magnitude (inside of a field variation rate), and an axis of ordinate shows 
a measurement result at intervals of a pixel. 

[0017] In addition, if CPU aiming at graphic display is used for control-section 31b-34b 5 block 
transfer of the image for criteria etc. can be performed in hard by writing the source, the destination, 
and size in a specific register. Moreover, count of (1) type can aim at reduction of the processing 
time by constructing by the assembler. 

[0018] When a speckle pitch diameter is the middle value of the speckle pitch diameter 
corresponding to two or more amendment tables currently prepared beforehand, the nearest 
amendment table is adopted and amended, or the average of the amendment table of a nearby 
complement will be calculated and it will amend using the result. On the other hand, if it has the 
control means of a speckle pitch diameter, since a speckle pitch diameter can be adjusted according 
to a desired amendment table, strict amendment can be performed and the amount of displacement 
after amendment will become much more exact. There is the approach of using tunable laser for the 
laser light source, and controlling wavelength as the control approach of a speckle pitch diameter. 
Moreover, in using a camera lens, the approach and each optic which control the f number using the 
camera lens which can control the f number (drawing) automatically are put on a base with 
automatic guide functions, such as a linear stage, and there is the approach of adjusting the location 
of each optic and controlling an image formation scale factor. In not using a camera lens, a camera is 
put on a linear stage and there is a method of adjusting a beam diameter etc. by letting the revolution 
aperture of working pass for the approach and laser beam which adjust only distance, without 
controlling this and changing an objective angular relation-ship. A control device 35 can control the 
linear stages 6 and 7 now by the example shown in drawing 1 . 
[0019] 

[Effect of the Invention] Since the measured amount of displacement is amended using the 
amendment table corresponding to a speckle pitch diameter according to the speckle image 
displacement measurement equipment of this invention as explained above, it can ask for a more 
exact variation rate. Moreover, if it has the control means of a speckle pitch diameter, since a speckle 
pitch diameter can be adjusted according to a desired amendment table, strict amendment can be 
performed and the amount of displacement after amendment will become much more exact. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s ] 10ws the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the speckle image displacement measurement equipment measured below with the 
sampling period of the pixel of image sensors by making into an assessment value whenever [ image 
data / before moving the movement magnitude of the speckle image projected on image sensors / and 
image data's after migration coincidence ] Speckle image displacement measurement equipment 
characterized by having two or more amendment tables which responded to the speckle pitch 
diameter, and a means to amend the measured variation rate using one or two amendment tables or 
more which were chosen from said two or more amendment tables. 

[Claim 2] Speckle image displacement measurement equipment according to claim 1 characterized 
by having a means to adjust the speckle pitch diameter of a speckle image. 
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DESCRIPTION OF DRAWINGS 



rBrief Description of the Drawings] . 
[Drawin g 11 The block diagram showing the speckle image displacement measurement equipment 
which is one example of this invention. ... ■ , + u« 

rDrawing21 Drawing showing how the image displacement calculation circuit 3 presumes the 
v^riatic^ate (movement magnitude) of two images a with the resolution below pixel spacing 

[SSSgllmigration of a body and a speckle image - the graph which shows relation with the 

measured value of a variation rate. 

jgS 41 migration of a body and a speckle image - the graph which shows the relation between 
the measured value of a variation rate, and its correction value. 
[Description of Notations] 

1 ~ CCD camera 

2 — Image quality improvement circuit 

3 — Image displacement calculation circuit 
5 -- Body 
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DRAWINGS 
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[Drawing 3] 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Category partition] The 1 st partition of the 6th category 
[Publication date] April 9, Heisei 1 1 (1999) 

[Publication No.] Publication number 5-18714 
[Date of Publication] January 26, Heisei 5 (1993) 
[Annual volume number] Open patent official report 5-188 
[Application number] Japanese Patent Application No. 3-170196 
[International Patent Classification (6th Edition)] 

G01B . 11/00 

[FI] 

G01B 11/00 H 
F 

[Procedure amendment] 

[Filing Date] October 6, Heisei 9 

[Procedure amendment 1 ] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0014] 

Vn = Vn - 1 + (Vin- Vn - 1 ) / N - (2) 

It is Vn here. : An output image, Vn-1 : The output image of one frame ago, a Vinrinput image, N: It 

is the number of average addition. By equalizing this image, reduction of random noise which was 

mentioned above from the image can be aimed at. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] Explanation of a sign 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Description of Notations] 

1 — CCD camera 

2 ~ Image quality improvement circuit 

3 — Image displacement calculation circuit 
5 — Laser beam 
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